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Attenuated pressure natriuresis in hypertensive rats
STEPHEN G. ROSTAND, DOROTHY LEWIS, JOYCE B. WATKINS, WANN-CHU HUANG,
and L. GABRIEL NAVAR
The Nephrology Research and Training Center, Departments of Medicine and Physiology and Biophysics, University of Alabama in
Birmingham, and the Veterans Administration Medical Center, Birmingham, Alabama
Attenuated pressure natriuresis in hypertensive rats. We studied the
isolated blood-free perfused nonclipped kidneys from the 2-kidney
Goldblatt hypertensive rat model (GHR) to evaluate intrinsic excretory
responses to changes in perfusion pressure. We examined kidneys from
10 control rats (in vivo systolic BP 110 3.6 mm Hg), from 9 rats with
nonmalignant hypertension (HBP) (in vivo systolic BP 158 6.5 mm
Hg), and from 5 rats with malignant HBP (in vivo systolic BP 183 6.4
mm Hg). We found that at all levels of perfusion pressure, the renal
vascular resistances were significantly higher and glomerular filtration
rate (GFR) lower in kidneys from hypertensive rats than in kidneys
from control rats. Kidneys from hypertensive rats had lower urinary
excretion of sodium (UNaV) and urine flow than kidneys from control
rats at all levels of pressure above 100 mm Hg. The most striking
differences in all functional parameters were noted in kidneys from rats
with malignant HBP. Kidneys from both hypertensive and control rats
failed to show changes in vascular resistance in response to Saralasin.
We conclude that the nonclipped kidney in GHR exhibits a blunted
natriuresis in response to elevated perfusion pressure which occurs in
the absence of angiotensin II (All) and renin substrate. This diminished
pressure natriuresis may be caused partly by the lower GFR and by
reduced pressure transmission due to greater renal vascular resistance
and thus may be partially responsible for the maintenance of the
hypertensive state.
Attenuation de Ia natriurèse de pression dans de rats atteints d'hyper-
tension. Nous avons étudid des reins isolés perfuses sans sang proven-
ant du modéle de Goldblatt d'hypertension a deux reins chez le rat
(GHR) afin d'évaluer Ia reponse excrétoire aux changements de Ia
pression de perfusion. Nous avons étudié les reins de 10 rats contrOles
(pression systolique in vivo 110 3,6 mm Hg), de 9 rats atteints
d'hypertension non maligne (HBP) (pression systolique in vivo 150
6,5 mm Hg), et de 5 rats atteints d'hypertension maligne (pression
systolique in vivo 183 6,4 mm Hg). Nous avons constaté qu'à tous les
niveaux de pression de perfusion les resistances vasculaires rénales
sont significativement supérieures et le debit de filtration glomerulaire
(GFR) significativement inférieur dans les reins d'animaux hypertendus
que dans les reins des rats contrôles. Les reins d'animaux hypertendus
avaient un debit urinaire de sodium et un debit urinaire inférieurs a ceux
des reins des rats contrôles a tous les niveaux de pression au-dessus de
100 mm Hg. La difference Ia plus frappante dans tous les paramètres
fonctionnels a été observCe dans les reins provenant de rats atteints
d'hypertension maligne. Ii na pas été mis en evidence de modification
de Ia résistance vasculaire en réponse a Ia Saralasine aussi bien dans les
reins provenant d'animaux hypertendus que dans les reins contrôles.
Nous concluons que le rein non clampé sans GHR a une attenuation de
Ia réponse natriurétique l'élévation de pression de perfusion, atténua-
tion qui survient en l'absence d'angiotensine II et de substrat de La
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rénine. Cette diminution de La natriurèse de pression peut étre deter-
minCe en partie par debit de filtration glomerulaire plus faible et par Ia
reduction de Ia transmission de Ia pression liée a une augmentation de Ia
résistance vasculaire et donc peut Ctre en partie responsable du
maintien de l'état d'hypertension.
Studies of the physiologic and endocrine functions of the
contralateral non-clipped kidney in the 2-kidney, 1-clip Gold-
blatt model of hypertension are of interest because they exam-
ine the effects of unilateral renal arterial constriction on the
nonmanipulated kidney. They may also yield information re-
garding altered function in the non-clipped kidney and its
possible role in the initiation and maintenance of the hyperten-
sive state. Previous in vivo micropuncture studies of the non-
clipped kidneys carried out at spontaneous blood pressures [1]
revealed an increased sodium and water excretion with chronic
elevations of arterial blood pressures which were associated
with a decreased sodium and water absorption along the loop of
Henle. Ploth et al [2] found that the reduction of arterial
pressure to normotensive levels led to a reduction in GFR and a
marked reduction in absolute sodium excretion by contralateral
kidneys of the hypertensive rats. Also, studies of the in situ
blood perfused kidneys from Goldblatt hypertensive rabbits
have demonstrated that these kidneys excrete less sodium than
controls over the range of perfusion pressures from 50 to 100
mm Hg [3]. The mechanisms responsible for the alterations in
glomerular and tubular functions that occur in these contralater-
al kidneys exposed to hypertension are difficult to assess
because of the many potential extra-renal factors which may
influence these functional parameters.
One method permitting an evaluation of the intrinsic alter-
ations in function that occur in the contralateral kidney of the
Goldblatt hypertensive rat (GHR) is to utilize the isolated
blood-free perfused kidney preparation. This approach allows
an examination of renal function in the absence of extrarenal
hormone and neural effects as well as in the absence of the
influence of the opposite, clipped kidney. Using this approach,
our studies were undertaken to characterize the intrinsic de-
rangements of physiologic function existing in the contralateral
(hypertensive) kidney of the GHR by evaluating functional
responses to change in perfusion pressure. For comparison,
similar data were obtained from control kidneys of normoten-
sive rats studied over an identical range of perfusion pressures.
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Table 1. Functional characteristics of isolated perfused kidneys from normal ratsa
Minutes of perfusion
15 30 45 60 75 90
GFR 0.49 0.51 0.55 0.41 0.38 0.38
mI/mm
Urine flow 9.9 9.7 10.8 9.0 9.6 9.3
mI/mm
UNaV 0.53 0.56 0.63 0.57 0.58 0.59
p.Eqlmin
FRNa 99.4 99.4 99.3 99.1 98.9 98.8
%
Perfusate flow 67.4 67.4 67.4 67.4 67.4 67.4
mI/mm
a Data represent the mean SEM for functional parameters of 10 kidneys from normal rats perfused for 90 mm at 100 mm Hg with a KRB buffer
containing 8 g/% bovine serum albumin. Average kidney weight was 1.41 0.05 g.
Methods
The preparation and perfusion of isolated kidneys used in
these studies were similar to those of Nishiitsutsuji-Uwo, Ross,
and Krebs [4], Bowman and Maack [5], and preparations
previously described by us [6]. Kidneys from male Sprague-
Dawley rats weighing between 350 and 400 g and having had
unlimited access to water and standard rat chow were used in
all experiments. The rats were anesthetized with an i.p. injec-
tion of mactin (Promonta, Hamburg, Germany), 15 mg/kg per
body wt. The abdominal cavity was then exposed, the right
ureter cannulated with polyethylene tubing (PE-10), and the
right renal and superior mesenteric arteries exposed. To main-
tain continuous renal perfusion, the superior mesenteric artery
was cannulated with a beveled, 18-gauge needle that was
advanced into the right renal artery and secured with ligatures.
The kidney was excised from its surrounding tissues and
suspended from the cannulation needle while being perfused by
gravity at 130 cm of water for 30 to 60 sec before pump
perfusion at 100 mm Hg was started. The kidneys were perfused
at 37 to 38° C in a water-jacked recirculating perfusion appara-
tus. The perfusing mediums were gassed continuously with a
mixture of 95% oxygen; 5% carbon dioxide.
The perfusing mediums consisted of blood-free, Krebs-Ring-
er bicarbonate buffer (KRB) containing sodium acetate, 10 mM;
D-glucose, 5 m'i; bovine serum albumin, 8% (fractional V,
Reheiss Chemical Co.); and urea, 5m. As reported previous-
ly, the perfusate also contained the following L-amino acids:
methionine, alanine, glycine, serine, proline, isoleucine, and
aspartic acid. The solutions were adjusted to pH 7.4 and had a
final osmolality of about 300 mOsm/kg.
Urine samples were collected in preweighed vials, and the
urine volume was determined gravimetrically. Perfusate flow
rate was measured by an in-line Manostat predictability flow-
meter. Sodium and potassium concentrations in perfusate and
urine samples were measured photometrically with an Instru-
mentation Laboratory IL—143 flame photometer. Perfusate pro-
tein concentration was determined by the biuret method. GFR
was determined by (methoxy-3H) inulin (New England Nuclear
NET 086). Radioactivity was measured by a Packard Tri-Carb
liquid scintillation counter, The data in Table 1 show the
stability of some functional characteristics of 10 isolated kid-
neys from normal rats perfused for 90 mm at 100 mm Hg. In
subsequent studies GFR and other functional parameters are
expressed both factored and unfactored by wet kidney weight.
To determine perfusate renin activity, 1 ml samples of
perfusate were obtained prior to perfusion, after the equilibra-
tion period (see below), and after the initial 15 mm of perfusion
at 100 mm Hg. The aliquots were placed in EDTA-containing
tubes and stored at —20° C until assayed. Perfusate renin
activity was measured as nanograms of angiotension I (Al)
generated per milliliter of perfusate per hour of incubation as
determined by radioimmunoassay. Angiotension I generation
utilized 0.5 ml of perfusate and an equal volume of plasma
obtained from rats 24 to 48 hours after nephrectomy. The renin
substrate pool was subjected to transitory acidification to
reduce the activity of angiotensinases, as demonstrated by a
92.5% recovery of added angiotension following incubation at
37° C for 24 hours. The renin substrate pool had a concentration
of approximately 4500 ng/ml expressed as A! content [7, 8].
Because renin was released continuously from the kidney into
the recirculating perfusion system, the renin activity was cumu-
lative. The data presented in this paper represent renin release
and are calculated as the differences between the total perfusate
renin activity at the start and finish of the first 15 mm of
perfusion at 100 mm Hg. These differences, corrected for
evaporative and urine volume losses, are divided by the time of
collection and by the kidney weight and are expressed as
nanograms of angiotensin I (A!) generated per minute of
perfusion per gram of kidney wet weight.
Hypertension was produced by constricting the left renal
arteries of rats weighing approximately 300 g using a silver clip
having an internal diameter of 0.30 mm. Following the clip
placement, the rats were allowed to recover and to have free
access to standard rat chow and water for 3 to 4 weeks (26
SEM 2.2 days). Following this period, the contralateral kidneys
were cannulated and perfused in the manner described above.
Rats not operated on and having the same diet served as
controls. In vivo systolic blood pressures were measured in
awake rats prior to study using the tail cuff method. All
perfusion experiments were performed following a 20-mm
equilibration period. After equilibration, perfusion pressure in
both groups of rats was raised every 15 mm in 20 mm Hg
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Table 2. Renal size and in vivo blood pressure of normal kidneys and
hypertensive (unclipped) kidneys of rats with Goldblatt hypertension
Condition N Kidney wet wt In vivo systolicBPg corn Hg
Normal 10 1.72 0.03 110 3.6
Moderate hypertension 9 2.35 0.lSb 158 6.5°
Severe hypertension 5 2.13 0.20° 183 6.4°
a Values are mean 5EM; statistical analysis by Student's (test for
unpaired data.
P < 0.001 when compared to normal.
P> 0.05 when compared to norma!.
increments from 100 to 200 mm Hg. No experiment exceeded
110 mm. GFR and urinary flow rates and absolute sodium
excretion (UNaV) were determined for each level of perfusion
pressure in kidneys from hypertensive and normotensive rats.
At the end of the perfusion, kidneys were removed from the
perfusion apparatus, blotted dry, stripped of their capsules, and
weighed. A section of tissue of known weight was fixed in
buffered 10% formalin solution and processed using standard
histologic techniques. The remainder of the kidney was dried at
100° C for 18 hours. The dry weight/wet weight ratios of the
tissues were then calculated.
To determine if the differences in vascular resistances seen in
control and hypertensive kidneys were the result of residual All
bound to receptors, sar', ala8 Angiotensin II (Saralasin), a
potent angiotensin II antagonist was given as a pulse to produce
a concentration of 2 ng/mI of perfusate, followed by an infusion
of 4 ng/min/g. This concentration of Saralasin was sufficient to
inhibit the vasoconstrictor effects of All, 0.5 ng/ml, which was
given to both control and hypertensive kidneys as a single pulse
in order to compare renal vascular responsiveness under the
two conditions. The additions were made following a control
period of perfusion and experiments were carried out at a
constant perfusion pressure of 100 mm Hg.
The experimental results are expressed as the mean SEM
for the number of kidneys studied in each group of experiments.
For all experiments in which renal function was examined in
response to increasing perfusion pressure, the raw and normal-
ized data were analyzed statistically using a split-strip analysis
of variance with a square root transformation to stabilize group
by pressure variations within each group [9]. In other studies
comparisons were carried out using Student's (test for paired
and unpaired data.
Results
Classification of hypertensive disease in isolated perfused
kidneys. The isolated perfused kidneys from Goldblatt rats
were classified with moderate or malignant hypertension based
on a retrospective evaluation of renal histology following obser-
vations that the perfused non-clipped kidneys exhibited two
distinctly different levels of GFR, urine flow rate, and sodium
excretion rates (see below). Examining these differences fur-
ther, we found that one group of rats, studied 27 3.3 days
following clipping developed systolic hypertension of 158 6.5
mm Hg (Table 2). This group was said to have moderate systolic
hypertension; histologic examination of the kidneys from this
group of rats demonstrated muscular hypertrophy, hyperplasia,
and narrowing of the arteriolar lumens, findings that are com-
patible with a non-malignant variety of hypertension (Fig. Ia).
The second group of rats had a more severe elevation in
systolic blood pressure (183 6.4 mm Hg) 23.7 1.5 days
following clipping. The systolic blood pressure of this hyperten-
sive group was statistically greater than the first group (P <
0.02), and both were significantly greater than the systolic
pressures of the control rats (P < 0.001, Table 2). Histologic
examination of the renal tissue from this second group of rats
revealed fibrinoid changes in renal arterioles, a finding compati-
ble with the vascular alterations seen in malignant hypertension
(Fig. Ib). The histology from both hypertensive groups was
distinctly different from the control kidneys (Fig. Ic). Thus.
based upon differences in blood pressure, renal function, and
renal histology, we have grouped our hypertensive rats into a
moderate or non-malignant hypertensive group and a malignant
hypertensive group.
As expected, the contralateral kidneys of the hypertensive
rats exhibited compensatory hypertrophy. However, only the
kidneys from moderately hypertensive rats were significantly
larger than those from control rats (Table 1). There were no
differences between the ratios of dry to wet weight of kidneys
from control, moderate, and malignant hypertensive rats (0.18
0.001, 0.18 0.003, and 0.19 0.006 respectively) suggesting
that the difference in kidney size between these groups were not
the result of different degrees of tissue swelling.
Renin release in perfused kidneys from control and hyperten-
sive rats. At 100 mm Hg, the renin release rate of 5 perfused
non-clipped kidneys from rats with both moderate and malig-
nant hypertension was markedly depressed when compared to
controls (3.1 9.6 ngAI/min/g wet wt, N = 5 versus 126.4
43.4 ngAl/min/g wet wt, N = 7, P < 0.02). The rates of renin
release from the control kidneys are somewhat less than those
reported by Nakane et al [10] and somewhat greater than those
reported by Fray [111. These differences are most likely related
to variations in urinary flow rates, renal size, the differences in
the radioimmunossay techniques for renin, and possibly the
differences in perfusate albumin concentrations.
Effect of increasing perfusion pressure on GFR of control
and hypertensive kidneys. The data in Table 3 and Figure 2
show that when factored for kidney size, the GFRs of control
kidneys were significantly greater than those of either group of
hypertensive kidneys at all levels of perfusion pressure. By
contrast, the unfactored data show the GFRs of perfused
kidneys from moderately hypertensive rats to be no different
from controls above 120 mm Hg. Irrespective of how the data
were examined, the GFRs of perfused kidneys from rats with
malignant hypertension were significantly different from con-
trols and were the lowest measured.
Effect of increasing-perfusion pressure on perfusate flow
rates of control and hypertensive kidneys. Table 3 and Figure 3
show that when factored for kidney size, the perfusate flow
rates at all levels of perfusion pressure were significantly
greater in controls than in either group of hypertensive kidneys.
Examination of the unfactored data show that only perfusate
flow in kidneys from malignant hypertension was significantly
lower than controls between 100 to 160 mm Hg.
Effect of increasing perfusion pressure on sodium excretion
and urine flow of control and hypertensive kidneys. Table 3 and
Figure 4 show that all levels of perfusion pressure above 100
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Fig. 1. A Arterioles from perfused kidney of rat with moderate hypertension, H&E x800.
mm Hg, absolute sodium excretion (UNaV/g) was significantly
greater in control kidneys than in rats with either form of
hypertension. Unlike GFR and perfusate flow, the UNaV of
contralateral kidneys unfactored for weight was also significant-
ly lower than control sodium excretion rates. Fractional sodium
absorption was similar in both control and in moderately
hypertensive kidneys over the pressure range of 100 to 200 mm
Hg(99.4 0.l%to87.8 0.7%forcontrolsversus95.5 2.3%
to 88.9 2.2%) in moderately hypertensive kidneys. Perfused
kidneys from rats with malignant hypertension behaved differ-
ently having an extremely low fractional sodium absorption at
100mm Hg (15.5 2.4%) and reaching a peak fractional sodium
absorption at 160 mm Hg (72 17%) before falling to 62 28%
at 200 mm Hg.
Control urine flow rates (Table 3 and Fig. 5) were significant-
ly greater than those of malignant hypertensive rats at all levels
of perfusion pressure. When compared with moderately hyper-
tensive kidneys, rates of control rats were greater at all levels of
pressure above 100 mm Hg, a pattern similar to that seen with
absolute sodium excretion. As with absolute sodium excretion,
the differences from control were still seen irrespective of
whether or not the results were factored by kidney weight.
Effect of Saralasin and angiotensin II on vascular response
of control and hypertensive kidneys. To determine if the in-
creased vascular resistance seen in the hypertensive kidneys
might be related to residual angiotensin II bound to vascular
smooth muscle receptors, Saralasin was infused into the perfus-
ing medium and was found to have no significant effect on the
perfusate flow rate of either the hypertensive kidneys or of the
control kidneys (Table 4). The concentration of Saralasin
infused into the perfusing medium was sufficient to inhibit the
effects of a vasoconstricting concentration of All (0.5 ng!mI);
when angiotensin II was added to the perfusate containing
Saralasin, its effects were blocked. When angiotensin 11(0.5 ng/
ml) was added to the perfusing medium as a single pulse it
caused a prompt reduction in perfusate flow rate in both
hypertensive and control kidneys (Table 4). Although the
absolute reduction in flow in the hypertensive kidneys was
significantly less than that of control kidneys, the percent
changes from control in both kidneys were identical (32.5
3.5% versus 29.8 4%).
Discussion
The present studies characterize the intrinsic function of
isolated contralateral kidneys from GHR perfused over the
normotensive to hypertensive range of pressures but in the
absence of neural activity and in the absence of the humoral
influences of the clipped kidney. A retrospective evaluation of
functional characteristics, vascular morphology, and in vivo
systolic blood pressures revealed that two distinct classes of
hypertension, moderate and malignant, had been produced.
Because the kidneys of the hypertensive groups were much
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Fig. 1. B Arteriole from pe,fused kidney of rat with malignant hypertension, H&E, x800. C Arteriole from perfused kidney of control
normotensive rat, H&E, x800.
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Table 3. Effect of increasing perfusion pressure on the function of perfused kidneys from control and Goldblatt hypertensive rats"
Perfusion pressure, mm Hg
100 120 140 160 180 200
GFR milminig C
H
MH
0.31
0.12
0.00
0.03
0.04c
0.00"
0.68 0.04
0.42 0.10"
0.00 0.00"
0.64 0.04
0.47 0.09"
0.00 0.00"
0.59
0.44
0.05
0.03
0.06h
0.02"
0.58 0.03
0.41 0.06"
0.04 0.02"
0.53 0.03
0.39 0.04"
0.08 0.03
mi/mm C
H
MH
0.53
0.27
0.00
0.05
0.08"
0.00"
1.17 0.06
0.91 0.l9c
0.00 0.00"
1.10 0.07
1.05 0.17
0.01 0.00"
1.01
1.00
0.11
0.05
0.10
0.05c
0.99 0.04
0.92 0.11
0.09 0.06"
0.89 0.06
0.85 0.09
0.18 0.09"
Perfusion flow mI/minig C
H
MH
41.5
31.1
24.1
0.54
1.8"
1.6"
44.8 0.67
34.1 1.95"
28.4 1.4"
48.7 1.1
36.3 2.1"
29.4 2.5c
49.8
39.2
34.3
1.4
2.3"
1.1"
50.2 1.5
39.7 2.4"
35.5 1.5"
50.9 1.7
38.8 2.9"
37.0 0.46"
mi/mm C
H
MH
71.3
72.5
52.0
1.5
6.3
0.0"
77.0 1.7
80.2 6.4
60.6 6.9"
83.7 2.6
85.4 7.5
66.2 6.7c
85.6
92.2
73.0
3.1
77b
7.4"
86.3 3.4
93.2 77b
85.0 13.1
87.5 3.5
85.5 4.4
90.0 12.5
Urine flow mllmmn/g C
H
MH
5.0
3.4
2.4
0.78
0.85
0.98h
19.0 3.0
11.2 3.1"
1.6 0.63"
46.3 5.4
23.7 5.4"
1.9 0.5"
69.5
37.3
6.4
5.9
6.9"
1.9c
92.8 6.4
51.2 7.3°
8.4 4.9"
109.0 6.1
71.0 5.1c
17.5 8.6"
mi/mm C
H
MH
8.5
7.4
4.4
1.2
1.6
1.5
32.4 4.9
24.2 6.2b
3.0 1.0"
78.9 8.7
50.8 9.9"
4.1 0.8"
118.4
80.7
13.0
9.3
11.8"
4.1"
158.0 10.0
112.0 11.6"
20.4 13.1"
187.0 9.4
156.0 9.2"
42.9 24.7"
UV xEq/mmn/g C
H
MH
0.28
0.23
0.33
0.04
0.04
0.15
1.34 0.26
0.80 0.24"
0.23 0.10"
3.72 0.52
1.84 0.46"
0.18 0.06c
5.75
2.94
0.37
0.55
0.58"
0.09"
7.59 0.54
4.01 0.57"
0.4 0.06"
9.2 0.55
5.9 0.59"
0.72 0.14"
xEq/mmn C
H
MH
0.48
0.52
0.59
0.08
0.09
0.26
2.28 0.44
1.75 0.51h
0.40 0.16"
6.33 0.85
3.98 0.91"
0.36 0.10"
9.79
6.41
0.74
0.88
1.05"
0.15"
12.9 0.84
8.9 0.93"
0.96 0.21"
15.7 0.85
13.1 1.2"
1.69 0.24"
"Values are the mean SEM; Data analyzed using split-strip analysis of the variance using a square-root transformation. All comparisons are
made with the control rats.
b P < 0.05.
P < 0.001.
Abbreviations used are defined: C, control (N = 10); H, moderate hypertension (N = 9); MH, malignant hypertension (N = 5).
larger than those of the controls, we felt it appropriate to factor
our results by kidney weight. When the factoring was complete,
we found that the perfused kidneys from both groups had
greater vascular resistances and lower GFR than controls at all
levels of perfusion pressure. Additionally, in response to eleva-
tions in perfusion pressure, the contralateral kidneys of hyper-
tensive rats exhibited reduced rates of urine flow and sodium
excretion. The alterations in function seen in the kidneys from
rats with malignant hypertension were the most dramatic.
The factors responsible for these changes in the intrinsic
function of hypertensive kidneys are uncertain. Because few
data from isolated perfused kidneys of the 2-kidney Goldblatt
model are available for evaluation, it has been necessary for us
to compare our data to observations made in isolated perfused
kidneys from other hypertensive models. We recognize the
inherent difficulties in doing so and have been cautious in our
conclusions. The increased vascular resistance noted in these
genetically normal kidneys from rats with moderate and malig-
nant hypertension is similar to findings of Berecek etal [12, 13]
who used perfused kidneys from the spontaneously hyperten-
sive rat (SHR) and from the DOCA/salt hypertensive rat
models. Studies of the isolated perfused kidneys from the SHR
and DOCA/salt rats carried out in a number of laboratories have
also revealed an increased vascular reactivity to norepinephrine
and to angiotensin II [12—16] and have led to the suggestion that
enhanced vascular responsiveness to vasoactive peptides, ci-
ther alone or together with alteration in vascular structure, may
cause or sustain the hypertensive state [121. By contrast, the
isolated kidneys in our study exhibited a vascular response
which was no different from controls. This finding was surpris-
ing because the hypertensive kidneys in our study had virtually
no renin release when compared to controls and no response to
Saralasin. This would suggest that the increased vascular
resistance observed in our preparations was not the result of
endogenous or exogenous All which may have been bound
residually to vascular smooth muscle receptors.
Our studies also reveal that the contralateral kidneys from the
GHR exhibit an attenuated pressure natriuresis over the normo-
tensive and hypertensive range of perfusion pressures. These
observations support and extend the finding of Thompson and
Dickinson [31 who noted similar reductions in UNV in perfused
hypertensive rabbit kidneys from the same model examined
over the hypotensive to normotensive range of perfusion pres-
sures. These authors, however, did not examine other parame-
ters of renal function and did not examine the effects of elevated
perfusion pressures on sodium excretion. Our data are also in
accord with the observations of reduced sodium excretion over
a wide pressure range in perfused kidneys from pre-hyperten-
sive Dahl-S rats [17] and in Dahl-S rats hypertensive for 7
weeks [18]. The mechanisms underlying the reduced pressure
natriuresis are not clear. Thompson and Dickinson [3] and
others [15, 19, 201 have suggested that the effects of increased
0.3
0.2
0.1
100 120 140 160 180 200
Perfusion pressure, mm Hg
Fig. 2. Effect of increasing perfusion pressure on GFR of peifused
control and hypertensive kidneys. Closed circles (I) represent 10
control kidneys. Open circles (0) represent 9 kidneys from moderately
hypertensive rats. Closed triangles (A) represent 5 kidneys from rats
with malignant hypertension. Vertical bars (I) represent SEM.
I I I I I
100 120 140 160 180 200
Perfusion pressure, mm Hg
20
Fig. 3. Effect o.f increasing perfusion pressure on perfusate flow of
kidneys from nor,notensive and hypertensive rats. Closed circles (•)
represent 10 control kidneys. Open circles (0) represent 9 kidneys from
moderately hypertensive rats. Closed triangles (A) represent 5 kidneys
from rats with malignant hypertension. Vertical bars (I) represent SEM.
100 120 140 160 180 200
Perfusion pressure, mm Hg
Fig. 4. Effect of increasing perfusion pressure on sodium excretion by
perfused normotensive and hypertensive rat kidneys. Closed circles (•)
represent 10 control kidneys. Open circles (0) represent 9 kidneys from
moderately hypertensive rats. Closed triangles (A) represent S kidneys
from rats with malignant hypertension. Vertical bars (I) represent SEM.
Fig. 5. ffect of increasing perfision pressure on urinary flow rates of
perfused normotensive and hypertensive rat kidneys. Closed circles (•)
represent 10 control kidneys. Open circles (0) represent 9 kidneys from
moderately hypertensive rats. Closed triangles (A) represent 5 kidneys
from rats with malignant hypertension. Vertical bars (f) represent SEM.
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neurogenic activity or increased circulating angiotensin 11 might
be responsible. Our studies suggest that after 3 weeks of
hypertension, blunted pressure natriuresis can still occur even
in the absence of circulating renin, renin substrate, and angio-
tensin II. Moreover, because the rate of renin release from the
nonclipped kidneys was not significantly different from zero, it
does not seem reasonable to suggest that local All formation
within the hypertensive kidney caused the attenuated natriure-
sis in response to pressure.
There are other explanations for the attenuated natriuresis
seen in perfused kidneys from the 2-kidney Goldblatt model. In
the case of moderate hypertension, the data suggest that
increased renal vascular resistance might attenuate the trans-
mission of pressure to the postglomerular capillary circulation,
thus blunting the inhibitory effects of high blood pressure on
sodium absorption by the loop of Henle [I]. However, it is also
possible that in moderate hypertension, the attenuated natriure-
sis is brought about by the modest reductions in GFR which
may result from the higher vascular resistances in the pre-
glomerular capillaries. Because differences in GFR and renal
vascular resistance between control kidneys and kidneys from
moderately hypertensive rats could be found only when these
parameters were normalized for kidney weight, it is possible
that, in the case of moderate hypertension, neither vascular
resistance nor GFR influenced the observed blunted pressure
natriuresis which was found irrespective of how the data were
examined, thus, raising the possibility that some intrinsic
tubular derangement may be involved in the altered natriuresis
in this kidney.
In malignant hypertension the situation may well be different.
In these kidneys from rats with the highest in vivo blood
pressures, GFR and sodium excretion were disproportionately
low when compared to their vascular resistances which were
not appreciably lower than those seen in moderate hypertension
(Figs. 2, 3, 4). Thus, in malignant hypertension attenuated
pressure natriuresis may be due in large part to the reduced
GFR as well as to the changes in renal vascular resistance.
While no major light microscopic changes in the glomerular
architecture of kidneys from hypertensive rats were noted in
our studies, Szokol, Soltesz, and Varga [211 described the
presence of foot process fusion and an increase in lysosomal
bodies. Thus, it is possible that reductions in GFR and their
subsequent effects on renal sodium absorption may be in part
the result of changes in glomerular ultrastructure and in the
glomerular ultrafiltration coefficient. Clearly, further investiga-
tion of this possibility is warranted.
Recently, studies of the contralateral kidney of GHR in vivo
by Ploth et al [2] revealed that at spontaneous blood pressures
these kidneys exhibited significantly greater sodium excretion
than control kidneys of normal rats, However, no differences in
sodium excretion could be found when the blood pressure was
reduced by aortic clamping. Because important functional
differences exist between kidneys studied in vivo and in vitro
and relate to low perfusate viscosity, the absence of circulating
humoral substances, and the absence of renal nerves, it is
hazardous to compare quantitatively our study with theirs.
Nevertheless, both data sets show no significant differences
between control kidneys and contralateral kidneys in the nor-
motensive range of blood pressure. By contrast, our in vitro
studies allowed a direct comparison of control and experimental
renal function at the higher arterial pressures. Because such
comparisons were not possible in in vivo studies [21, we do not
know whether or not significant differences in sodium excretion
would have been seen between control kidneys and contralater-
al kidneys of GHR at equivalent hypertensive blood pressures.
In this regard, Guyton et al [22] suggested that the rate sodium
excretion rises in response to pressure is greater for normal
kidneys than for hypertensive kidneys. Ploth et a! [2] have also
found that contralateral kidneys of GHR had an impaired
autoregulatory capacity. Although examination of our data
from control kidneys and those of moderately hypertensive rats
show a plateau in GFR above 120 to 140 mm Hg (Fig. 2), the
absence of intrarenal pressure measurements do not allow us to
determine if this is true autoregulation or a passive phenomenon
resulting from increased tissue pressure.
The demonstration of blunted pressure natriuresis in our
studies of nonclipped kidneys is in keeping with the observa-
tions of some investigators who found in the SHR model that in
vivo sodium excretion was no different from normotensive
controls at spontaneous blood pressures [23—25]. These data,
together with data from the isolated perfused hypertensive
Dah!-S rats support the view of Guyton et al [22] that in many
forms of hypertension a higher blood pressure may be needed
for kidneys to excrete the same salt loads as normals,
The present study demonstrates that the non-clipped (hyper-
tensive) kidney in the GHR is abnormal because after a finite
Table 4. Effect of Saralasin and angiotensin II on vascular response of isolated perfused kidneys from control and hypertensive ratsa
Saralasin 2, nglml + infusion 3
Perfusate flow rate
mi/minig
Control Hypertensive
N — + % N — + %
All, 0.5 ng/ml
Saralasin + All
a All values represent mean SEM.
b N represents the number in the sample.
42.1 41.6 —0.4 3 36.6 37.3 +0.4
6 48.7 32.2 —15.7 32.5 6 31.4 22.2 —9.2
±1.6 ±3.0 ±1.6 ±3.5 ±2.2 ±2,3 ±1.1
3 42.1 42.1 0 3 37.3 37.3 0
±0.2 ±0.2 ±5.1 ±5.1
29.8
±4.0
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period of exposure to hypertension, it is no longer able to
excrete an appropriate sodium and water load in response to
increases in blood pressure. This reduction in pressure natriure-
sis occurs in the absence of circulating angiotensin II, renin
substrate, and other systemic influences. Our data suggest that
this blunted excretion of salt and water may in part result from
reduction in GFR and in part from reduced pressure transmis-
sion due to the greater vascular resistance seen in the hyperten-
sive kidneys. The contribution of an intrinsic defect in renal
tubular function also cannot be excluded. Thus, it would appear
that intrinsic derangements in physiologic function in the non-
clipped kidney of the GHR contribute to its inability to maintain
normal excretory function and may be responsible for the
maintenance of the hypertensive state.
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